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Previewstranslocate to the nucleus, despite the
fact that viral replication occurs in the
cytoplasm; the exact function of these
observations remains to be illuminated.
On the other hand, since flaviviruses
alternate hosts between mammalian
and arthropod, the viral genome is likely
constrained by many factors during evo-
lution, including adapting to different
host factors for viral replication, antago-
nizing arthropod immune restriction, as
well as evading mammalian immune
response. Such intimate virus-host inter-
actions, as well as the relative large size
and abundance of flavivirus NS5,
contribute to the diverse functions of
this protein.REFERENCES
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Planarians famously can regenerate after decapitation. In this issue, Abnave et al. (2014) find they resist infec-
tion by multiple bacterial species pathogenic to humans, Drosophila and C. elegans, including
M. tuberculosis. These results identify a conserved gene controlling phagocytosis and establish planarians
as a powerful system for analyzing host-pathogen interactions.All animals are exposed to microbes from
the environment and require systems
for protection from infectious agents,
and the fundamental interactions be-
tween hosts and parasites are of consid-
erable medical interest. Significant mech-
anistic insights into this biology have
emerged from studying the response of
invertebrate model organisms, such as
Drosophila and Caenorhabditis elegans,
to infection with bacteria pathogenic to
humans (Cherry and Silverman, 2006;
Balla and Troemel, 2013). These host
model organisms were chosen primarily
because of their genetic tractability. How-
ever, in principle organisms that have
evolved highly robust disease resistance
could be informative models for ultimately
enhancing human immunity.
Planarians are free-living flatworms
of the phylum Platyhelminthes that arefamous for their ability to regenerate nearly
any tissue damaged by surgical injury,
even forming a new head after decapita-
tion (Elliott and Sanchez Alvarado, 2013).
This process requires a cell population
termed neoblasts that contain adult
pluripotent stem cells (Wagner et al.,
2011), as well as signaling mechanisms
to relate wounding to the identity and
extent of outgrowth. With the discovery
of RNAi as well as advances in ge-
nomic sequencing, the planarian species
Schmidtea mediterranea and Dugesia
japonicahavebeendevelopedaspowerful
systems for the study of tissue regene-
ration pluripotent stem cells and injury re-
sponses. However, planarians have also
proven useful for investigating other pro-
cesses that are exaggerated or simplified
in these animals, such as ciliogenesis,
eye development (Lapan and Reddien,2012), germ cell differentiation (Wang
et al., 2010), and also organ proportion
control.
In this issue, Ghigo and colleagues
expand on this growing set of models
to establish planarians as a system for
the analysis of bacterial host-pathogen
interactions (Abnave et al., 2014). They
first examined the consequence of
inoculating planarians with high doses
(up to 107 CFUs) of pathogenic bacteria.
Administration of bacteria by feeding
along with homogenized calf liver, the
typical planarian laboratory food source,
resulted in localization of pathogens pri-
marily within the adsorptive phagocytic
cells within the worm intestinal gastro-
vascular system. Strikingly, within about
a week of exposure, planarians over-
came a spectrum of pathogens that in
humans cause life-threatening illnesses:ptember 10, 2014 ª2014 Elsevier Inc. 271
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Previewspneumonia, sepsis, Brucellosis, salmo-
nellosis, meningitis, and tuberculosis.
Notably, the majority of these bacteria
are also known to be pathogenic to either
Drosophila or C. elegans. Pathogen cell
numbers dropped dramatically to unde-
tectable levels during this time without
altering worm behavior or viability. Addi-
tionally, clearance was not simply the
result of defecation or expulsion because
the worm’s freshwater media did not
accumulate bacteria. Thus, some active
mechanism involving phagocytic cells
of the intestine likely enables broad
xenophagy.
There are several potential explanations
to account for planarians’ significantly
enhanced response to bacterial parasites
compared to other well-studied species.
Planarians are aquatic, living in mud and
under rocks in ponds and streams
throughout the world, and so would be
expected to encounter a large variety of
microbes in their natural habitat. Addi-
tionally, in the wild planarians are believed
to be hunters and scavengers, preying
upon mosquito larvae and possibly also
detritus, which could require tolerance
of a high diversity and load of microbes
that might be inadvertently ingested.
Furthermore, the worms’ use of adult
pluripotent stem cells results in ongoing
replacement of all tissue types, leading
to long and perhaps indefinite life spans
that might require a strong and persistent
immunity. Some planarian strains actually
reproduce asexually by pulling them-
selves apart followed by tissue regenera-
tion. Such injuries would also expose
the animal’s internal tissues to the exter-
nal media and provide opportunities for
infection that would have to be countered
to allow successful reproduction.
RNAi is robust in planarians, so Ghigo
and colleagues used this method to
seek genes required for planarian immu-
nity to bacterial infections (Abnave et al.,
2014). They first used expression profiling
to identify a large set of 1400 genes
commonly upregulated in whole animals
during exposure to two different patho-
gens, Legionella pneumophila and Staph-
ylococcus aureus. Ten percent of these
were inhibited in an RNAi screen that
identified 18 genes as required for robust
bacterial clearance. The majority of
these were transcriptionally upregulated
in the planarian intestine during infection,
supporting the idea that intestinal cells272 Cell Host & Microbe 16, September 10, 2mediate bacterial clearance. Eight of
these genes were required for resistance
against infection by a series of gram-pos-
itive, gram-negative, and mycobacterial
pathogens, including the dual-specificity
phosphatase DUSP19 and a golgi-
resident modulator of insulin signaling
PAQR3. The authors further investi-
gated the mechanisms of action for the
conserved gene MORN2 (Membrane
Occupation and Recognition Nexus 2) in
phagocytosis by human macrophages.
Silencing or overexpression of MORN2
in macrophages only mildly affected their
ability to internalize L. pneumophila,
S. aureus, and Mycobacterium tubercu-
losis by phagocytosis. However, overex-
pression of human MORN2 strongly
reduced the viability of these bacteria
after infection of macrophages. Further
analysis indicated that MORN2 likely acts
by binding and recruiting the autophagy
protein LC3 to phagosomes and thereby
promote killing of internalized bacteria
(Martinez et al., 2011). Strikingly, overex-
pression of planarian MORN2 in human
macrophages also reduced pathogen sur-
vival, suggesting an ancient origin for this
mechanism of LC3-assisted autophagy
(LAP), although interestingly the MORN2
gene was likely lost in lineages leading to
Drosophila and C. elegans.
The work raises many intriguing and
open questions about the mechanisms
and purpose of this robust form of phago-
cytosis in planarians. First, most of the
experiments in this study involved feeding
animals bacteria, but the same genes
identified as required for clearance in
that context were not required for resis-
tance from inoculations performed by
microinjection, hinting at a potential
complexity of immune mechanisms.
Second, to make maximal use of the
planarian system, it will be important to
understand resistant-deficient pheno-
types in greater detail and connections
to other conserved pathways controlling
innate immunity. Though the current
study focused on the use of the planarian
Dugesia japonica, given the greater avail-
ability of genomic resources in Schmidtea
mediterranea (Cantarel et al., 2008)
as well as greater definition of the
content and function of its gastrovascular
system (Forsthoefel et al., 2012), an
important future direction will be the use
of that species for in vivo mechanistic
studies of pathogen clearance. An addi-014 ª2014 Elsevier Inc.tional area of interest would be deter-
mining what enables the planarian
intestinal cells to have such an unusually
high capacity for phagocytosis. Planarian
gut cells are constantly produced from
pluripotent adult stem cells within the
neoblast cell population, so perhaps
the animal’s extreme regenerative
ability enables rapid replacement of
exhausted gut cells, leading to robust
phagocytic capability. Finally, it would
be interesting to further examine the role
and limits of MORN2 and potentially LAP
in planarians. For example, anecdotal
evidence from culturing planarians sug-
gests they may harbor as-yet-uncharac-
terized commensal bacteria, raising the
question of how such organisms might
evade this type of phagocytic clearance.
Model organisms continue to provide
crucial insights into animal biology.
Advances in genomic characterization
and manipulation should facilitate the
study of diverse phenomena either not
well represented or easily accessible
in common laboratory models, such as
robust xenophagy. With only a fraction
of the planarian genome yet analyzed for
functions in immunity, it is likely that this
system will continue to produce new in-
sights relevant across species.
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